INTRODUCTION
Colorectal cancer (CRC) is the third leading cause of cancer death in both men and women in the United States. 1 Historically, CRC death rates were higher in individuals with higher rather than lower socioeconomic status (SES), in whites than in blacks, and in northern than in southern states.
2-5 However, over the past few decades, there has been a cross-over such that rates are now highest in persons with the lowest SES, in blacks, and in southern states. 2, [6] [7] [8] This shift is likely the result of differential dissemination of advances in prevention, early detection, and treatment. [9] [10] [11] The extent to which these racial/ethnic and socioeconomic disparities vary within each state and contribute to premature death resulting from CRC is unknown.
Herein, we examine CRC death rates from 2008 through 2010 among adults age 25 to 64 years by state, race/ethnicity, and educational attainment (as a marker of SES). We also estimate the proportion of annual CRC deaths in this age group (ie, premature deaths) that could have been avoided if racial, socioeconomic, and geographic inequalities had been eliminated. We performed a similar, supplementary analysis for the 50-to 64-year-old age group for whom CRC screening is recommended. For this study, we focused our analyses on the 25-to 64-year-old age group because deaths occurring in this age interval result in a greater number of lifeyears lost and because cancer disparities are larger in this age group than in the age 65 or older group, 12 in
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Point estimates for two categories were considered to be statistically different if their 95% CIs did not overlap. Only states with rates based on 16 or more deaths for all three educational categories were considered in this analysis: 47 states for whites, 18 states for blacks, and four states for Hispanics (California, Florida, New York, and Texas).
We estimated the proportion of premature deaths from CRC that would have been averted annually in each state from 2008 through 2010 in the absence of racial/ethnic, socioeconomic, and geographic disparities by first calculating aggregated crude death rates by age (25 to 44 and 45 to 64 years) for the five states with the lowest rates for the most educated whites (Connecticut, North Dakota, Utah, Vermont, and Wisconsin). Five states were combined and broad age groups were used to improve the stability of the age-specific rates; whites were selected as the referent group, despite reports of slightly lower rates in the most educated Hispanics, because whites are the most representative of the general population, particularly in terms of duration of residence. These rates were then applied to the corresponding age-specific populations in each state to obtain the expected number of CRC deaths in the absence of disparities. Finally, the number of potentially avertable CRC deaths in each state was estimated by subtracting the expected deaths from the total number of observed deaths.
We performed a similar, supplementary analysis for potentially avertable CRC deaths by state among individuals age 50 to 64 years for whom screening is recommended. We also examined receipt of CRC screening (either a fecal occult blood test within the past year or sigmoidoscopy or colonoscopy within the past 10 years) for all races combined in this age interval by educational attainment across states based on data from the 2010 Behavioral Risk Factor Surveillance System. 15 SAS-callable SUDAAN release 11.0.1 was used to generate weighted prevalence estimates for CRC screening by state. Figure 1 shows CRC death rates by educational attainment and race/ ethnicity nationwide from 2008 through 2010. Rates decreased with increasing educational attainment within each racial/ethnic group, although some of the differences were not statistically significant among blacks and Hispanics. Mortality rate ratios comparing the least with the most educated group were 2.13 (95% CI, 2.06 to 2.20) in whites, 1.82 (95% CI, 1.68 to 1.97) in blacks, and 1.54 (95% CI, 1.36 to 1.74) in Hispanics. There were also notable differences in the magnitude of death rates between racial/ethnic groups. For example, among the least educated, the CRC death rate was 6.7 per 100,000 for Hispanics, 11.3 for whites, and 16.7 for blacks.
RESULTS
Rate ratios comparing the least with the most educated group by state ranged from 1.15 (95% CI, 0.66 to 2.01) in Delaware to 3.18 (95% CI, 2.01 to 5.05) in New Mexico among whites and from 0.84 (95% CI, 0.54 to 1.30) in Mississippi to 2.41 (95% CI, 1.62 to 3.59) in Virginia among blacks (Tables 1 and 2 ). Forty-three of 47 states for whites and 14 of 18 states for blacks showed statistically significantly higher rates in the least educated group. Among Hispanics, only California, Florida, New York, and Texas had sufficient data to estimate rates for all education levels; the rate ratio in the least compared with the most educated group ranged from 1.44 (95% CI, 1.07 to 1.94) in Texas to 1.91 (95% CI, 1.24 to 2.94) in New York (Table 3) . Within educational strata, there were striking differences between states. For example, among the most educated whites, the CRC death rate per 100,000 persons was more than twice as high in Mississippi (8.9) as in Connecticut (3.8). Figure 2A shows the average annual percentage of premature deaths from CRC among those age 25 to 64 years that could be averted if all populations were to experience the average death rate in the five states with the lowest rates among the most educated whites (Connecticut, North Dakota, Utah, Vermont, and Wisconsin). This percentage ranged from 29% of the premature deaths resulting from CRC in Utah to 69% in Mississippi. The largest proportion of avoidable deaths occurred in Southern states. In total, approximately 50% (23,072 of 46,538) of the premature deaths resulting from CRC that occurred nationwide from 2008 through 2010 -the equivalent of 7,690 deaths annually-could have been avoided by eliminating racial, socioeconomic, and geographic inequalities in CRC mortality rates. As expected, the proportion of deaths avertable in the 50-to 64-year-old age group by state was remarkably similar to that in the 25-to 64-year-old age group (Fig 2B) 64-year-old age group accounted for 78% of the deaths among those age 25 to 64 years. Figure 3 shows the self-reported use of CRC screening by educational attainment (Յ 12 years and Ն 16 years of education) and state among people of all races age 50 to 64 years. Screening prevalence ranged from 39% in Wyoming to 67% in Delaware in the least educated persons and from 58% in North Dakota to 78% in New Hampshire in the most educated persons. The absolute difference in screening uptake between the least and the most educated persons within state ranged from 4% in Delaware to 25% in Nevada. In general, across states, the screening prevalence is lower in western and southern states and higher in the northeastern states, especially among the least educated persons. Appendix Table A1 (online only) provides screening prevalence point estimates and 95% CIs for all three levels of educational attainment, including 13 to 15 years.
DISCUSSION
Our findings illustrate that the least educated men and women age 25 to 64 years have a disproportionately higher burden of CRC mortality, regardless of state of residence, and that substantial geographic disparities exist even within education levels. The majority of CRC deaths in southern states and half the deaths nationwide would have been avoided if racial/ethnic, socioeconomic, and geographic inequalities were absent. The findings were remarkably similar when we restricted the analyses to individuals age 50 to 64 years for whom screening is recommended, because CRC deaths occurring in the 50-to 64-yearold age group accounted for the majority (78%) of deaths between the ages of 25 and 64 years.
Factors that contribute to CRC disparities are complex and multifactorial. Differences in income, education, insurance status, and geographic residence between sociodemographic groups result in inequalities in the prevalence of CRC risk factors and in access to screening and treatment services. 16 Racial disparities in CRC death rates may be explained by differences in the use, availability, and quality of screening and treatment services, 17, 18 even within the same level of educational attainment. Low CRC mortality rates among Hispanics partly reflect the lower risk of disease in their countries of origin, given that 37% of Hispanics are foreign-born. 19 However, it is notable that we observed an educational gradient for Hispanics in our analysis despite low death rates. Persons with lower SES such as the uninsured are less likely to be up-to-date for CRC screening tests according to recommendations. 20 For example, in 2010, the CRC screening rate was 19% among uninsured Americans compared with 62% among those with private insurance coverage. 21 As a result, compared with patients with CRC who have private insurance, uninsured patients are twice as likely to present with stage III to IV versus stage I disease 22 and are 41% more likely to die after adjusting for other factors. 23 Lower screening rates in underserved populations are contributed to by a reduced likelihood of both receipt of a physician recommendation for screening 24 and compliance with a recommendation.
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The prevalence of behavioral risk factors for CRC varies geographically and is generally inversely associated with SES. Obesity, cigarette smoking, and red meat consumption increase CRC risk, whereas physical activity and anti-inflammatory drug use decrease risk. 26, 27 Although obesity prevalence has increased in all socioeconomic groups over the past few decades, it remains higher among adults with lower incomes and fewer years of education. 28 A similar socioeconomic gradient exists for the prevalence of recreational physical activity. 29, 30 Likewise, progress in reducing smoking prevalence has been slower in persons with lower SES. For example, smoking prevalence in 2008 was three times as high among persons with a high school diploma or less education (29%) than among those with a bachelor's degree or higher level of education (9%).
31
A recent study estimated that obesity and other behavioral risk factors account for 43% of the association between educational attainment and CRC risk.
32
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The strength of our study is the use of individual-level educational attainment to document heterogeneity in CRC death rates by race/ethnicity and SES across states and to estimate the excess premature deaths from CRC associated with these factors. Death rates by individual-level SES, race/ethnicity,andstatearevaluableforassessingtheimpactoftheAffordable Care Act (ACA). The law is designed to address long-standing racial and socioeconomic inequalities by improving access to quality health care for all Americans through expansion of state Medicaid programs and health insurance exchange subsidies. The ACA also removes cost as a barrier to preventive health services, including CRC screening, tobaccodependence counseling and treatment, and obesity screening and counseling. A recent study estimated that nearly 20 million Americans have already gained insurance coverage under the ACA, 36 despite expansion of Medicaid programs to low-income qualified residents in only 27 states and the District of Columbia. Future studies could examine premature mortalityfromCRCandotherconditionsinstatesthathaveexpandedthe Medicaid program versus those states that have not. Notably, Delaware showed the smallest difference in CRC mortality rates and screening prevalence between the least and the most educated persons (Table 1 and Fig 3) , likely reflecting its implementation of universal access to CRC screening and treatment in 2002. 37 In an effort to increase screening nationwide,severalorganizations,includingtheAmericanCancerSociety and the Centers for Disease Control and Prevention, are supporting an initiative to increase CRC screening rates to 80% by 2018, largely by focusingonpatientsandcliniciansincommunityhealthcentersandother safety-net providers.
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Our study has several limitations. First, inaccuracies in underlying cause of death from death certificates may potentially bias the interpretation of mortality data. However, the concordance between the underlying cause of death from death certificates and medical records for CRC in the United States is quite high (nearly 90%). 39 Second, educational information recorded on the death certificates reported by next of kin and proxy-reported education tends to be higher than self-reported, especially when differentiating between less than 12 and exactly 12 years of education.
40,41 However, we combined 12 years of schooling with less than 12 years to mitigate such misclassification in the interpretation of our results. Third, there are inaccuracies in recording race in death certificates and census estimates, especially for races other than white and black. 42 Fourth, the estimates on CRC screening are based on self-report and thus are subject to recall bias. 43 Fifth, we provide the potential proportion of avoidable deaths but not the proportion that could be avoided in practice through implementation of policies such as the ACA to address health inequalities, which will be the subject of a future study. Finally, some of the deaths in our college-educated referent group that were used to estimate potentially avoidable deaths are also avoidable because CRC screening uptake and the prevalence of known risk factors, such as smoking and obesity, have not yet reached optimum levels in this population segment. 31 In conclusion, we found that the least educated persons in the United States have a disproportionately higher burden of CRC death rate, regardless of race or state of residence. The majority of premature deaths from CRC in southern states and half the deaths nationwide are potentially avertable through the elimination of racial/ethnic, socioeconomic, and geographic inequalities. Future studies could examine the effect of the ACA in reducing such inequalities through increased access to preventive care services, including CRC screening.
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